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LiSt OF SYMBOLS 
Flow area sa. ft. ( on thermodynamle oquations) 
mixing section. 
Flow irea mixing section sqe in. (air ejeetor dimensions). 
Flow area sq. in. primary jet. 
Thrust Augmentation, lbs. 
Acceleration of gravity, 52.2 ft. per sec.” 
Mach number 
Total pressure, ibs per sq. ft. abs. 
Static pressure los. per sq. ft. abs. 
Gas constant, 55.5 for air. 
Total temperature, degrees Hankine. 
Static tempernture, degrees Rankine. 
Velocity ft. peor sec. 
Flow, lbs. per sec. 
specifie heat at constant pressure, BIU per lb. per 
deg. KR. 
Mass density, slugs per eu. ft. 


(Constant) ratio of specifie heats, 1.3595 for air. 


Subscripts and superscripts used will have the folloring 


meanings: 


( ), - Primary air. 


do # Secondary sir at mixing section. 


)n = Mixed stream at auqmentor exit. 


Secondary air at augmentor entrance. 
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INTRODUCTION 


The purpose of thrust augmentation is to trans- 
fer the kinetic energy Leaving a jet te a larger mass of air 
by providing some material boundary upon which this larger 
mass can react. The additional thrust force is derived by 
the differences in fluid pressures on the surfaces of the 
augmentoy. If a negative static pressure exists on the inner 
surface of a convergent shape by virtue of an inerease in 
velocity from a total pressure common to both surfaces, the 
thrust comes from the difference between the internal and 
external integrated pressures. 

In general, a jet directed into an augmentor 
mixes with and accelerates a larger quantity of low velocity 
secondary air. The discharge from the ejector will be a 
large mass of air with a lower velocity than that of the 
primary jet, and at some static pressure higher than that 
at the throat of the augmentor. 








PURPOSE 


fo determine the effect of various temperature 
ratios, pressure ratios, and area ratios upen the amount 
ef static augmentation obtained with the view of finding the 


point of cptimum design consistent with physical limitations. 








HISTORY 


The published material on air ejectorsa is vole 
uminous but the application of air ejector theory to 
thrust ausmentation has had very little coverage. At 
the present time, a large part of the thrust augmentat- 
ion work that is being done is in 2 restricted catecory 
and the author was unsuccessful in obtaining any of the 
late reports. 

The first tests of a thrust augmentor were made 
by Jacobs and Shoemaker in 1927.(1)# They found that a 
maximum thrust of 1.4 timos the theoretical free jet 
reaction. Mr. Donald C. Berkey of the General Slectrisc 
Company also found experimentzlly that thrust w:s 
increased between 40 and 50 per cent by the addition of 
a thrust augmentor. (2)# 

In general, as stated above, the test results 
and theory of thrust augment :tion have not been very 
thoroughly covered te date. 
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THSORY 


Fundamental principles. 


fhe action of a jet is te accelerate a mass of 
air rearward producing a thrust which is equal to the 
mass times the acceleration. The greater the velocity 
in the wake the greater ere the losses. 

if this high veloeity wake can be used to 

transfer energy to a larg r mass of air, the momentum 
Willi be increased and the thrust of a unit would be 
increased, provided the losses would not be excessive. 
In effect, then, the exhaust would be a large mass of 
alr at a moderate velocity rather than a small mass at 
a high velocity. 


Design Parameters. 


(a) Mixing tube lencth--lHixing tube length is 
defined as the distance from the exit of the primary 
nozzle to the end of the straight mixing duct. In the 
following work it is assumed that the mixing is complete 
and the pressure cross the entrance to the mixing tube 
is constant. However, some lensth is needed to sooth 
the flow. If the mixing length is increased the 
friction effects become predominant and scerfermance 
Will be decreased. In this thesis, it wis assumed that 


the mixing tube length would se “ound exrcrimentally to 





bring the Mach number to such a value that the static pressure 
of the discharge would be equal to atmospheric pressure. 

Other investigators have found that an L/D of from 4 to 8 

is the optimum. One investigator found that an L/D of about 
7 was the best. (2)* 

(ob) Mixing section area ratio. This ratie is the 
ratio of mixing tube area to the area of the primary jet. 
This is one of the variables in the following analysis 
and will be discussed further. 

(e) Ratio of mixing tube area to thrust augmentor 
entrance area. Since the difference between these two areas 
is the projected erea upon which the external pressures acts, 
it is to be expected that augmentation will increase as the 
area difference increass6s. 

(a) femperature ratio. This is the ratio of the 
temperature of the primary jet to that of the secondary air. 





This will be covered by later analysis. 

(e) Pressure ratio. The total pressure ratio of 
the primary stream to that of the secondary stream. This 
will alse be covered by a later analysis. 


Theoretical Analysis. 
(1) Bquations for calculation of constant area 


mixing air ejector. 
Since a thrust augmentor isa basically an air 
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10. 


ejector, the air ejecter equations are applicable. It has 
been shown by several investigators (2) {3)* that maximum 
augmentation will be obtained from a constant area mixing 
ejector. This is fairly ebvious since for a constant 
pressure mixing, a diverging section would be required 
and the integrated forces would be decreased by the forces 
acting on the diverging section. 
The following assumptions were made, 
(1) The cases are air with constant specific 
neatse 
(2) The ratio of specific heats is 1.395. 
(3) Total momentum per second is constant. 
( 4) The expansion of secondary air into the 
mixing section is reversible. 
{5} The weight of fuel added in the primary 
jet is neglicible compared to th:t of the air. 


The theoretical analysis of air efecters wis 
taken from the analysis presented by Prof. Neil P. 
Bailey in his Thermedynamics of High Velocity Flow. (4)+ 
in the constant area section of an air ejector, 
if wall friction is ignored, the total momentum per 


second at 1-2 is the same as thet at Sy, or 
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A heat balance gives, 
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fhe above equation can be used for solution of 


3 provided that M4, Hp, and T), are imown. fo facilitate 


solution, plots of vs H sre included 





in curve numbers i-iL to i-i inclusive. 

Values of the theoretical weicht ratio may be 
found from the dimensions of the specific air ejector and 
a plot of the function & \/yg {1+ ¥-1 e) ob © Beurwes 
1-H to 1-K) from equation (5) as follows: 
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(16) and Hz caleulated from equation (13). | © then 
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Calculation of P./P,. 
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From equation (26) the static pressure at the point of 
mixing can be calculated. 
Galeulation of Mp, and P)/Pp, 

For any value of ihe and with given physical 
dimensions for the augnzentor, Mos can be calculated. 


From the relation (4)* 


v4 
ae My /1+% u® \20-) 
— — iene oir aed cee OF Y 
A, Mi 1 + S=1 Me 


2 
Curve il-iIF is a plot of the above relation vs K 
using A, as unity where Ky ¢ 1.0. This curve gives the 


value Aqa/A, at Mo. 


Then 
A ) (Ata - (Atea ®@eeeeseeeeszseoe nee eseneoeszeeosens 
ie X ~~ - x ) (23) 


The value of H,, can be found at the value of Atea/Ag on 
curve 1-G. 

To find P./Pp: the following relation from (1) 
is used: 
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Curve l-’ for low values of P,/P vs BH has been plotted and 
Po/Pos can be obtained directly using the value of Mot optained. 
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Thrust Augmentation 
The net thrust on 3. thrust augmentor is due to 


the difference between the Internal and external integrated 
oressures. The internal integrated pressures is equal te 

the change in momentum between the bell mouth and the 

peginning of the mixing length (assuming constant total 
momentum in the constant area mixing tube length). The 

sum of the external forces is composed of the normal pressure 
forces over the bounding surface. 

For steady flow from (4)* 

Pk we PG gg 0 (PAT CAM) eee wceumemenenescenemmssmnenecewal 60) 
Assuming no friction 

PAA wa (PA + Cie”) aqwtevevesutdssuw ences owes 1s8ssessenes (8h) 
Since e= ; and M = 


> 
eR Sent 


(2) becomes 


Net wall reaction = Pad s at Pa fit vu" | ) evumbune beret t 

integrating 

Net wall reaction = Pop (1+ MZ) = Posdny (1+ ¥iSr) 24000053) 
Since the pressures are measured above absolute 

zero the above equation must be corrected for extemal 

foree pA PadA s PCAnAt) the net thrust on the augmentor is 

the equal te 

Ps P, (Awa (1 t 3 we) ~ Poy (Atma)(1 + 5KE, )+ PalAtwA) eevces( 54) 


A further refinement can be made by computing the 


net thrust on the primary jet and determining the ratio of 
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TABLE 1 





Values used in computing curves. 





19. 


Pe r. wV TS 1+V : 
ee AP M\ fog (14-2) Ao 
eit 

1.0001 .01197 .17 1.0203 .1565 6.6474 
1.0002 .01699 .18 1.0226 .1658 6.3040 3.2797 
1.0003 .02075 .19 1.02535 .1750 6.0021 
1.0004 .02592 .20 1.0282 .1845 5.7290 2.9650 
1.0005 .02681 .21 1.0310 .1936 5.4834 
1.0006 .02934 .22 1.0342 .2029 5.2613 2.7090 
1,0007 .03166 .23 1.0374 .2122 5.0603 
1.0008 .03585 .24 1.0407 2216 4.8752 2.4968 
1.0009 .03593 .25 1.0443 .2309 4.7085 
1.001 .03785 .26 1.0480 .2403 4.5539 2.5183 
1.002 .05347 .27 1.0518 .2496 4.4138 
1.003 .96556 .28 1,0558 .2590 4.2833 2.1666 
1.004 .07567 .29 1.0599 .2684 4.1629 
1.005 .08458 .30 1.0645 .2778 4.0537 2.0360 
1.006 09264 .51 1.0696 .2873 Z 69473 
1.007 .10005 .32 1.0752 .2967 328519 1.9227 
1.008 .10695 .53 1.0780 .3062 3.7620 
1.009 .11341 .34 1,0850 43157 3.6784 1.8236 
1.010 4.11947 .35 1.0881 .3252 5.601 
1.011 412533 .36 1.0953 .5347 5.528 1.7365 
1.012 .13088 .37 1.0988 .3442 3.460 
1.013 .13621 .38 1.1044 .3538 3.396 1.6591 
1.014 4.14131 .39 1.1103 .3653 3.337 
1,015 .14626 .40 1.1161 43730 5.279 1.5908 
1.016 .15103 .42 3826 3.227 
1.017 .15564 .42 .3922 3.177 
1.018 .16013 .43 -4019 5.150 
1.019 .16449 .44 .4116 3.086 
1.020 .16873 .45 4213 5.044 

46 24510 3.009 

47 .4408 2.968 

.48 4506 2.933 

.49 .4604 2.899 

.50 .4702 2.868 











TABLE 2 


Values used in computing curves. 


1 +3Me 
i Po/F W\[T7AP i se (l+ve1u’) AJ AG 
I 2 
.78 1.4931 .7578 2.4296 392 2 
80 1.5225 .'7'794 2.4285 .1985 3 
82 1.5552 .8012 2.4189 .1475 4 
84 1.5853 .82351 2.4108 .1170 5 
.86 1.6185 .8452 2.4039 0975 6 
88 1.6551 .8674 2.8983 083 "7 
.89 1.6708 .8786 2.5959 073 8 
90 1.6890 .8898 2.5958 065 9 
.91 1.7073 £9011 2.3917 .0585 20 
.92 1.7262 .9125 2.3898 2053 11 
.93 1.7453 .9238 2.3885 .0485 12 
94 1.7649 .9352 2.2873 .0415 14 
85 1.7848 .9467 2.5862 .0365 16 
.96 1.8051 .9581 2.3855 .0323 618 
.97 1.8256 .9697 2.3849 .0290 20 
.98 1.8468 .9815 2.3844 .0268 22 
.99 1.8681 .¢929 2.5839 .0242 24 
1.00 1.8899 1.0046 2.5840 20223 26 
1.02 1.9349 1.0281 2.5844 .0207 23 
1.04 1.9813 1.0518 2.3852 .0195 30 
1.06 2.0295 1.0757 2.5867 .0145 40 
1.08 2.0799 1.0998 2.5887 .0117 +50 
1.10 £.13515 1.1241 2.3912 .0097 60 
1.12 2.1842 1.1484 2.5945 
1.14 2.2412 1.1752 2.5976 
1.16 2.2988 1.1982 £,4012 
1.18 2.3584 1.2232 2.4055 
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PART If 
Calculation Procedure 
In a thrust augmentor if the mixed streams do not 
exhaust at atmospheric pressure, there will be energy loss 
due to “under-expansion" oF “cecbettpaiatin”. Consequently, 
if it assumed that the exhaust is at atmospheric, then under 
static conditions Poof? a = P./P, , where P, = Py. 

With the above relation, it is pessiblie te solve the 
thrust ausmentor problem. it is not practicable to solve 
directly. For any given set of physical dimensions, total 
pressure ratio, and Vout a isa, there is only one A, which 
will be a solution. By assuming an Mp and using equations 
(13) and (16), M, can be computed. With iy, Mos He» and 
W,/V,, equation (26) can be used and Pz/P, calculated. 

By using various values of #, and@ solving for P,/?,, a plot 
of PSPs and Poof? y vs 4 can be made. The point of inter- 
section of these two curves is the solution. 

After a solution has been obtained the net thrust 
can be caleulated from equation (54): 
Pe Py (4ead(1t 5 Me ) - Po, (Atwa)(i + Voy) +P. {AtmA) 

There are four fundamental variables in the thrust 
augmentation problem. These are T/T on Pople, A/a and 
At/a, (see figure 1 for nomenclature). Since the permtations 
and combinations of these four variables would be practically 
endless, it was decided to use three values of temperature ratios 


2, S, and 4, and three values of pressure ratio 1.5 ,.1.7 





Jv 


and 1.9. Since the value of A, depends on temperature ratio, o 
pressure ratio and A/a each of the preeeding nine poesible 
combinations of pressure and temperature ratios was com- 
puted using six values of areca ratio, 5, 10, 12.5, 15, 17.5 
and 20. "a" was assumed unity. Values above 20 were not used 
because of the physical difficulties cf such a design. Using 
the above combinations 54 values of Me were calculated. 

These are plotted on curves (2A) (2B) (20). With these 
curves, intermediate solutions can be obtained. Since the 
eurves are very similar, interpolation and double inter-~ 
polistion can be used to obtain any solution in the range of 
values used. 

It is interesting to note that while these cal- 
culations were primarily for thrust augmentation, the curves 
obtained are very useful in theoretical design of a constant 
area air ejector. Values of w/e, » My » and Hz are not 
plotted but are included in tables (3) and (4) for reference 
in case the preceding calculations were to be used for air 
ejector problems. 

After values of Ke had been calculated, the only 
remaining variable was «t/a. A'/A was then varied from 
2 to 20 in six steps 2, 4, 8, 12, 16 and 20. In calculation 
of net thrust Poe ~ Pe 
was then caleulated from equation (34) 

Poe Py (Awa + UMS) = Poy (Aton)(2 + ¥mB,) + PQ( Ata) 
Results are tabulated in tables 5, 6, and 7. 


Was assumed to be 14.7. Net thrust 
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Sample Calculation. 

Since the puges of culculation were repetitive ) 
and voluminous only sample ealculations sre included. The 
original calculations will be retained in the possession of 
the author if reference to them is desired. 

Calculation of Re 

From equations (15) and (26) a table was set up. 

The following calculations were for Poy on 2 1.9, 

Too/T 4 = 3-0, A/a = 17.5 

Detailed steps: 

(1) 4’, was assumed 

(2) Poo! Pa was obtained from curves 1@3 and 1]-€ 

(3) Po,/?y was obtained from relation Po, /Fy =(Foo/P1)(Fey/Pop] 

(4) H, was obtained from curve 1=D and 1-E 

® 

(5) Wy was obtained from curves led and 1-K | 

(6) We \/F Aaa) P, was obtained from curves 1-H and 1-1 

(7) ip/, Was calculated as follows: 2 = To. ( Awa ) £'(M, } 

Wo V8 £0) 

where f'() and £'(M,) are the values obtained in 
(5) and (6). 

(8) f(4,) was obtained from curves 1-0 and 1-P 

(9) f£(M,) was obtained from curve i-l, 1-M, end 1-N. 

(10) £(%,) was then calevlated using equation (13) 


(11) P2/Py was calculated using equation (26} 
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OFFO'T 0807 °F 9TL9°9T 
OSFO'T AThS*? LGZL° 9T 
(st)/(ot) = Ta/*a (ST) X(6) (8T) +(2T) 
(aT) (¢T) 
L6#6° 9699°ST Tate's LLEL? F PEs PS6S° 60°F 
L336" 68TL SI SLBPRs 8T09°F SPOS" Sees’ 202°% 
LSS6° OOLL* ST POPS S 6297°F 7SGs° 948° 8Zo°% 
T . > ® oe 

(xy/t (A)/(tt) 7a /9a/\tayn (2)/\ Sav Pa) Se “eS (#)/(9) = (ma 

(et) (8) tt) OT) (6) (8) (h) 
60ZP°6T LS2O* AT LL2&h?b  TopP se 6880°? L998°h 
9999°6T 9186 °9T SI09°> LLLT TS TltoO°s BES0* Lh 
98TS "6 L226 *9T Pl0b*h B9S6°6T OZ26°2 T96L°9 
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Sample Galculation of Yhrust Augmentation 
‘ip 
Using the same conditions «2s in the calculation ») 
of bes thrust augmentation per square inch of primary jet 
area is calculated as foilows: 
14.7 
2 e247 2.426 22061 5.00 «1168 1.0096 14.5602 
4 . . 4,182 10.1 -O581 1.0024 14.6648 
8 7 = 8.424 20.4 0265 1.00056 14.6918 
12 . . 12.667 30.7 0190 1.00025 14.6963 
16 . - 16.909 41.0 -0140 1.00014 14,6979 
20 ° . 21.152 61.5 0114 1.00009 14.6987 
AD), (2) : 
L+¥uZ, (Atea)(1+ ¥MSe (Par)  Pg(Atea) re 1+Y¥ Me 
1.019038 504.468 257 .28 14.0913 1.08511 
1.00471 1016.637 771.73 ’ . 
1.00113 2044.468 1800.75 . . 
1.00050 5073 .062 2829.75 - ” 
1.00027 4101.821 3858.75 7 - @ 
1.00018 5130.765 4887.75 ” - ») 
(3) ‘ 
(Ama (Pp )(1 + ¥ K,) Auprmontation # (2) +(3) = (1) 
252.295 5.077 
¥ 7.408 
, 8.577 
5 8.983 
. 9.264 
9.276 
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54.7 
79 49 
92.5 
96.8 
29.4 








Results 

A/a = Poo/Po, Toy/To, Wo/¥, Mg Mo Po/Pe 
520 1.5 220 1.9108 e0V96 8035 1-066 
10.0 - P 3q0Gae 22980 ,2443 1.042 
12.68 . . 4.2498 “KILLS «CTS 1.0366 
15.0 ¥ . 4.6106 02485 8.2100 1.0810 
17.5 - 7 5 .o3SSe e2508 .1¢970 L-O276 
20.0 ° ° 5.9455 -2100 .1900 1.0254 
540 ¥ 360 2.2591 5966 .2883 1.0593 
10,0 7 7. 4.1661 02941 .2330 1.0583 
12.5 " " 4.9822 22670 .2167 1.0331 
15.0 P , 5.6811 2454 202 1.0285 
17.5 . . 6.6008 -Le72 189 1.0250 
20.0 . . 6.9225 2140 .180 1.0280 
5.0 P 4.0 9.409% 25629 .266 1.0502 
10.0 7 7 4.6403 2921 224 1.0254 
12.5 n " 5.5884 L659 .210 1.0310 
15.0 ¥ . 6.2899 2414 .193 1.0262 
17 ’ & i " * < L560 ® £183 e 186 7 ° C2435 
20.0 P r 7.958S 02163 el79 1.0225 
5.0 1.7 2.0 1.89406 6582 .355 1.0806 
10.0 . . 4.4832 «5409 .2382 1.0564 
12.5 “ , 4.1569 25095 .260 1,04'79 
15.0 r » 4.7526 02858 4244 1.0420 
Sa - . 5.3640 eLE97 .233 1.0584 
20.0 . . 5.7665 02591 .2165 1.0530 
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TABLE ¢ 
Results 
* r 4 wae ye. 2 

—— 3 . 68 ke Olan 
5.0 1.7 5.0 (EelG4l 4527 1.351 lors, 
10.0 . : #0542 .2%51 .2665 1.0504 
12.5 P - $-0656 .3055 .245 1.9449 
15.0 ft f S<6555 .2820 .235 1.939 
17.5 " Y CerS26B 4.2652 .225 l.osse 
20.0 " 7 6.8655 .2480 .210 1.033 
Sai? 1.7 4.0 feS749 4472  .309 1.0680 
10.0 r 7 5215 .5353 .2565 1.0466 
12.5 " ’ 504147 e026 02359 1.0404 
15..0 r . 5.5070 .2818 .228 1.0365 
17 65 - . ¥,0667 42632 .216 1.08% 
20.0 " . TeG224 4.2440 .2015 1,02286 
5.0 1.9 2.0 1.8819 .5027 .5399 1.1156 
10.0 tt . Se561 .3760 .514 1.0760 
12,5 " #.0868 .5420 .290 1.0598 
15.0 7 4.6924 .5167 .272 1.0506 
17.5 N . oeRS14 .2954 .256 1.0466 
20.0 " . 53-7495 .2790 .2435 1.0496 
5.0 1.9 5.0 <e1715 .4999 4.372 1.0996 
10.0 tt , 4.0385 eO727 £298 1.06355 
12.5 7 y $-3158 .4386 .278 1.0545 
15.0 i . 39-5209 .5122 .2607 1,049¢ 
17.5 . . S-1967 2.2925 .247 1.0430 
20.0 i" . Se6582 4.2865 .236 1.9504 

5.0 1.9 4.0 £05408 .46555 .545 1.0956 
10.0 r €-4506 .3668  .2855 1.0578 
12.5 rt . O-S144 42335 .2645 1.0497 
15.0 r S.1e22 .8082 .2498 1.0446 
17.5 P ‘i 6.9118 .2894 .278 1.040 
20.0 " , 706432 .2735 .228 1.0567 
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TABLES 5 
results 

| zc 

Thrust Augmontation lbs per in 


of primary jet. 





At & A . 10,0 A = 12.5 A = 15.0 A z 17 A = 20.0 
KK a a a a 3 & 
9 1.943 2.658 3.064 3.158 5.198 3.449 
4 2.730 4.006 4.417 4.612 4.938 5.060 
Sg 3.100 4.609 5.080 5.366 5.556 5.998 
12 3.215 4.805 5.341 5.636 5.825 6.271 
16 3.285 4.929 5.42 5.748 5.922 6.417 
20 32300 4.954 5.554 5.775 6.020 6.435 
o 1.771 2.5351 2.762 2.953 2.810 3.070 
4 2.485 3.670 4.065 4.028 4.269 4.459 
g 2.817 4.223 4.696 5.018 6.075 5.545 
12 2.927 4.416 4.862 Decl? 5.594 5.615 
16 2.987 4,512 4.968 56579 5.501 5.694 - 
20 z.012 4.569 5.040 52415 5.609 5.775 4 
Toy/T 6, = 4.0 
© 1.407 2.335 2.610 2.675 2.897 5.141 
4 2.101 5.396 3.804 3.956 4.197 4.530 
8 2.407 3.921 4,434 4.549 4.994 5.345 
12 BeD17 4.030 4.681 4.766 5.2435 5.617 
16 2.574 4,184 4.717 4.845 5.312 5.696 
20 2.587 4.250 4.777 4.914 5.424 5.777 
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(ABLE 6 
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tesults 


Thrust Augmentation 





Por! 06, = 
T94/To, = 2-0 
AY Az 5.0 Ag 10.0 A wz 12.5 As 15.0 
A a 8. a a 
© 2.617 20675 32893 4.268 
4 52564 5.555 5«725 6213S 
8 4.128 6.061 6.651 7.160 
12 4.297 6.514 6.891 7eAl2 
16 4.8638 6.4635 7.071 72607 
20 4.418 6.512 72114 7.750 
Ty,/T,,, = 5-0 

g £2289 3e269 = 06035 e902 

& OeLlé& 4.750 eck 5.7835 

8 52659 524358 6.068 6.619 
12 50779 5.657 62544 6.946 
16 5 e849 5.788 6.505 72106 
20 3e880 5 «B06 6.545 Teel? 

to/T 05 ~ 4.0 

2 2 o 017 oO e O51 o ° ad d o 0759 
4 2.351 4.402 4.929 © 6405 

8 50212 5.047 +6 62’ $2510 
Le 50056 DeLk71 ea 6.601 
L6 50408 5-414 6.029 6.738 
20 Oef55 504435 Gell 6.507 


| a 


4.519 
6.622 
7-679 
6.037 
8.011 
82516 


$0155 
6.060 
72027 
7Fec49 
7 «865 
7 e661 


e885 
5.742 
G.617 
6.855 
72079 
e210 


6.654 


8.292 
8 2386 


4e5lk 
6.270 


7 e2O5 | 


72096 
72762 
7 B44 


0 09O? 
5.2726 
6.699 
7.051 
71535 
72251 
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TiBLE 7 
nesults 
Thrust Augmentation 


Poy/Pop = 169 





At A 2 5.0 A = 10.0 A a 12.5 a = 16.0 A = ZY .6 A = 20.0 
sm a a a a a 

2 LT 7s 4.622 4.026 5.187 & e409 3.661 

4 §.olL9 6.465 7.1654 7.602 72-902 8.209 

8 5.990 7.2401 GS2i150 8.754 - 9.139 9.576 

Le 66227 7.690 8.495 9.138 $564 10.028 

16 62542 7.875 8.648 9.3543 9.812 10.316 

20 620985 72952 8.7681 9.449 9.956 10.875 

m 
Toso = 3520 

2 2.829 4,006 4.587 4.780 5.077 5.5135 

4 5-992 5.809 6.6177 7.056 7.408 72792 

8 4.499 606675 7587 8.066 8.577 9.048 

12 4.675 6.951 72396 8.446 8.985 9.4389 - 
16 4.760 7.106 8.068 8.623 9.224 $.680 @ 
20 4,799 72i96 3.2159 8.765 9.276 9.814 

2 2.462 35644 4,068 4.593 4.675 4.926 

*t oe407 5024 ome? 6.3555 o 956 7 e686 

8 5-2 OTS 6.081 6e010 72428 8.011 8.506 

12 4.069 6.054 7 eld 7eT42 8.598 8.880 

16 4.145 6.434 Teeld 7.958 8.564 2.098 

20 4.185 6.578 74391 8.002 8.682 9.191 
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Discussion of Results 

From tables 5, 6 and 7 it is fairly obvious that 
in all cases the augmentation follows the same general 
pattern. Plots were made of the effect of the varicus 
variables, holding two variables constant and plotting 
a series of curves of the third variable with the fourth 
value as the abscissas. These are curves 2-D to 2-G 
inclusive. 

From these curves it is seen that an increase 
in pressure ratio increases tne augmentation. An increase 
in temperature ratio decreases the augmentation. . An ine 
erease in mixing throat arca ratio increases the augmenta= 
tion, and an increase in the bell mouth areo to mixing 
length area increases the augmentation. 4p, 

Tne following percentags values are representative. 
A mumber of percentage calculations were made and they 
all were within close range of the values indicated. 


Effect of Pressure Ratio 


P./?« 1.5 1.7 
AMA of 1.9 & of 1.9 To1/T oo 22.0 Afse 0 
2 60.9 82.5 
4 60.7 80.7 
8 61.4 82.0 
12 61.7 81.8 
16 61.5 81.4 
20 61.2 82.0 
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Effect of Temperature Ratio 





T,/% ® 
1 2 z 4 

av/a % of T,/Tp, 22 % of T/T, = 2 Poy/Pon = 167 
2 91.4 88.1 : 

4 94.3 88.9 A/a = 15.0 

8 92.4 88.1 

12 93.0 88.3 

16 95.4 88.6 

20 95-1 7.8 


befect of A'/A on Thrust Augmentation 





Poa’? 00 =z Le? 


2 54.1 

4 80.1 

8 51.7 A/a - 15.0 

12 96.2 

16 98.5 ,  /f. = B® 
03/To5 = 


Effect of A/a on Thrust Augmentation 


a of A/a 20 Po, /P ah 
oO = s 

5 49.2 A °2 ® 
10 75-3 TJ tm, & ter 
12.5 - 83.2 1 °2 
15.0 89.0 At/a = 12 
17 2B 94.7 
20.0 
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CONCLUSIONS 

In designing a thrust ausmentor the initial con- oO 
ditions of pressure ratio ani temperature ratio would probably 
be fixed within narrow limits. This would set the conditions 
of two of the variables. However, if these two are permitted 
to be varied it appears that it would be wise to pick the 
hichest pressure ratio available with the lowest tempera- 
ture ratio. Since this is an anomaly the percentage figures 
indicate that of the tyvo pressure ratio is far more im- 
pertant since a eZ — in pressure ratio increases thrust 
augmentation by approximately 20% but that a change in tempr- 
ature ratio of 1 means only a © or 4% ehsnge in aurmentation. 
It appears then, that temperature ratio as ea variable is 
of relatively minor importance. 
With temperature ratio and pressure ratio fixed, ® 
the other two variables are concerned with the physical 
limitations of the augmentor. Since in most cases weight 
and size limitations would make desirable a small augmentor 
it would be best to choose as small an area ratio as is 
practicable with performance characteristics. From the 
percentage calculations it is seen that an increase in 
the area of the bell mouth does not give a proportunate 
increase in thrust as it is increased above A'/A of 8. 
For a two and a half times increase in A!/A, the thrust 
increases — 6%. As the size of the ratio approaches 


20, the percentage increase in thrust augmentation is very 





small. It can be concluded that a value of A'/A ef from 
8 to 10 is most practical. It is interesting to note that @) 
an A'/A of only two (which would mean a radius ratio in» 
crease of only 1.4) gives more than 50% of the thrust of 
A'/A equal 20, 
Changes in A/a have a greater effect on augmentation. 
increasing the murb te from 5 to 20 gives 50% more thrust. 
An A/a of 15 gives about 90% of the thrust obtainable from 
A/a of 20. It ean be concluded that an a/a of 20 is 
probably the best but if space is limited an 4/a of 15 


will lese only 10% of the thrust. 
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